Resistance to macrolides and tetracyclines is increasing among streptococci and co-occurs as their resistance determinants are carried on the same mobile element. We developed a multiplex PCR to facilitate simultaneous and specific detection of resistance
a multiplex PCR procedure that enables simultaneous detection of three macrolide [erm(A), erm(B), and mef(A/E)] and four tetracycline [tet(M), tet(O), tet(K), and tet(L)] resistance determinants in streptococci.
(A preliminary account of this work was presented at the 44th International Conference on Antimicrobial Agents and Chemotherapy, Washington, D.C., 30 October to 2 November 2004. ) We utilized the following resistant reference strains as positive controls: erm(A), S. pyogenes UR1092 (10); erm(B), S. pyogenes BM137 (9); mef(A) S. pyogenes STP046 (10); tet(M), S. pyogenes BM137 (9) ; tet(O), Enterococcus faecalis BM4110 (9); tet(K), S. aureus R-16794 (6) (BCCM/LMG Bacteria Collection, Ghent University, Belgium; http://bccm .belspo.be/db/bacteria_search.htm); and tet(L), E. faecalis P33 (BCCM/LMG Bacteria Collection). Genomic DNA was extracted either with GenElute Bacterial Genomic Miniprep (Sigma-Aldrich) or by alkaline lysis (14) . For the latter, two to four bacterial colonies were emulsified in 20 l lysis buffer (0.25% sodium dodecyl sulfate, 0.05 N NaOH) at 94°C for 5 min. The lysates were diluted with 180 l water and centrifuged at 16,000 ϫ g for 5 min, and the supernatants were directly used as template DNA. The genotypes of the reference strains were confirmed with individual (singlex) PCRs using known primers for erm(A) (10) , erm(B) (15) , mef(A)/mef(E) (15) , tet(M) (17) , tet(O) (11) , tet(K) (11) , and tet(L) (11) . All strains gave expected PCR products. Genomic DNA from the six reference strains was further pooled in equimolar amounts and served as a multiplex control for seven resistance determinants and one housekeeping control (see below). According to published guidelines (5), PCR conditions were optimized and the following considerations were taken while designing primers. One, cross-annealing and specificity of the primers were examined using BLAST (www.ncbi.nlm.nih.gov). Two, primer pairs generating amplicons with at least a 50-bp difference were chosen to facilitate their electrophoretic separation. Three, the melting temperature was kept close to 60°C for all primer pairs. Thus, new primers for erm(B), mef, tet(K), and tet(L) genes were designed using Primer3 software (http: //www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi) and synthesized (Eurogentec, Seraing, Belgium) ( Table 1) . Four, consensus primers for mef were chosen that amplified both mef(A) and mef(E). Finally, consensus primers amplifying the 16S rRNA gene were designed that served as internal controls for all streptococci analyzed here (Table 1) (9) . Seven singlex PCRs and the multiplex PCR were performed on DNA extracted by two methods for these 125 isolates. The pooled DNA from the six reference strains served as a positive control ladder (Fig. 1) . No discordance was noted between the two types of DNA extraction procedures for either singlex or multiplex PCR. Compared to singlex PCR results, the multiplex PCR identified genes with 100% sensitivity and specificity (Table 2 ). Thus, the described multiplex assay could be a useful tool to analyze seven commonly occurring antibiotic resistance genes in streptococci. In addition, the use of 16S rRNA as a housekeeping positive control would facilitate DNA and PCR quality control. Lastly, the multiplex PCR described here is not free from the limitations inherent to any PCR assay, i.e., falsenegative data due to mutations in the primer-annealing region of the gene amplified or false-positive results caused by gene inactivation due to insertions and/or deletions in regions outside the PCR product. Thus, to correctly interpret PCR results, it is imperative to characterize resistance gene expression in bacterial isolates by means of phenotypic tests like MICs and disk diffusion. Notwithstanding these limitations, the single-step multiplex assay described here will prove economical in terms of labor, time, and cost for studies investigating large numbers of streptococci for macrolide and tetracycline resistance mechanisms.
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